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Several authors consider the character “absence of epucoracoud horns”

a synapomarphy of the group that includes the anuran families Dendroba-
tidae, Ranidae and i .Ae., Ranoi-
dea). However, others have that this conditi

.c., epicoracoid horns are absent in several non-Ranoidea frogs) and that
Ranoidea frogs possess epicoracoid horns. The pectoral girdles of several

Ranoidea and frogs were and all had
epicoracoid horns. The presence of epicoracoid horns in Ranoidea frogs
suggests the ch: “absence of homs” isnota

phy of this group.

INTRODUCTION

Several authors (Grirerris, 1963, Kuvar & FARRIs, 1969; Lyncy, 1973; DutiiMan &
TruEB, 1985) hypothesized that the families Dendrobatidae, Hyperoludae, Microhyhdae,
Ranidae and Rhacophondae form a monophyletic group supported by the synapomorphy
“absence of epicoracoid horns™ (i ¢., postenorly directed processes of the epicoracoid car-
tilages. GRIFFITHS, 1957, 1960a-b, 1963)

The hypothess that the character “absence of epicoracoid horns™ is a synapomorphy of
Ranoidea 15 questionable, first, because the absence of epicoracoid horns (McDiarmin, 1971,
Truts, 1973, RL1z-CARRANZA & HERNANDEZ-CAMACHO, 1976, GrRANDISON, 1981, LyneH &
Ru1z-CaRRANZA, 1982, MYERS & Forp, 1986, Tyson. 1987) m several non-Ranoidea frogs
(e, Atelopus, Atopophrims, Brachveephatas, Dendrophryascus. Didvnanupus sjoestedn,
Metanophrmscus, Oreophrs nella, Osornophs vie, Riunophrynus dorsafis) suggests this charac-
ter 15 plesiomorphic at the fevel o' Ranoided, and second, because 1t has been suggested
(KAPLAN, 1994) that Ranotdea frogs have epicoracoid horns that are fused, mdist.nguishably,
to the sternum However. the absence of epicoracord horns 1n non-Ranoidea frogs und ther
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presence 1 Ranoidea frogs 1s controversial (KapLan, 1994; Tysoxn, 1987) and requires
confirmation through detailed (i.¢., histological) morphological examinations,

Herein, the girdles of several species of Ranoidea and non-Ranoidea frogs are examined
through histological sectioning in order to assess the distribution of the character “absence of
epicoracoid horns™ 1n frogs. The hypothesis that the ch “absence of d
horns™ is a synapomorphy of Ranoidea is evaluated in light of the new morphological
observations.

MATERIALS AND METHODS

The medial portion of the ventral elements (omostcrnum clavicles, procoracoids, epnco-
racoids, coracoids, sternum) of the pectoral girdle of i duals at different devel
stages (GOSNER, 1960, 1 p ) of the foll g specics was ioned (App. 1).
Ramidae: Rana blair: (44, adult); Dendrobatidae: Colostethus subpuncratus (44, 46, aduit);
Microhylidae: Gustrophryne carolmensis (43, 44, adult), Hyperoludae. Kassina senegalensis
(44, adult), Rhacophoridac' Rhacophorus molirechn (44, adulty, Bufomdae Oreophrynella
quelchin (adull), Melanophriniscus stelznent (adult) and Dendrophrymiscus brevipollicatus
(adult); and Brach halidac. Brachy cephalus ephipp. {adult). Abbreviat for nstitu-
tions are as follow: ICN, Instituto de Ciencias Naturales, Universidad Nacional de Colombia;
UMMZ, University of Michigan Museum of Zoology.

The media! portion of the ventral elements of the pectoral girdles of adults and juveniles
was excised by cutting through the right and left procoracoid cartilages, clavicles, coracord
bones, and around the omosternum and sternum, when present, the medial portion of the
veniral elements of the pectoral girdles was removed, decalcified (Cal-Ex 11, Fisher Scientific),
and sectioned transversely from the anterior tip of the omosternum to the posterior tip of the
sternum, Brac/n cephalus ephippnum was sectioned from the tip of the snout to the postenor
part of the girdle, Tissues were embedded m pamtﬁn (WESSNER, 1960), scuuoned (15 um), and
staned with hematoxylin eosin. Histological and 1 I ter: foltow those of
FAwCETT (1986) and DE ViLLIERS {1924), respectively.

Herem, [ consider the epicordcoid horns to be parts of the epicoracoid cartilages that
extend posteriorly to the posteromedial part of the coracoid

RESULTS

Descriptions of the zonosternal articulation {ig 1) of non Ranoidea and Ruanowdea
frogs.
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Fig | Ventral view of the pectoral girdle of Rana blaire, showing the nteraction between the right and
left halves as the meet medally cl, clavicle, co, coracord. ¢, epicoracoid, o, omostermnum, p.
s, sternum, zsa, articulatton. Grey, bone, clear, cartilage.

NON-RANOIDEA FROGS

In Dendrophiy niscus brevipollicatus, Melanophrvniscus stelzneri and Oreophrs nefla quel-
¢hur, each epicoracold cartilage bears a tapered, divergent cartilagimous process that extends
postenorly from the coracods (fig 4A-C) In Bruchveephtius epluppnan, the posterior pro-
cesses of the epicoracolds are short, thin, not diverging from, and firmly attached (but not
indistinguishably fused) to, each other (fig. 4D).

In Orcopiny nellu quelchin, the pi. sternoepicaruc ul{l«u\ does not msert on the posterior
terminus of the posterior proc of the epi In Melanophivniscas stel=nert, a
laterally directed ligament mserts on the posterior terminus of cach process, the mr sternoe-
picoracotdens does not msert on the higaments. In Dendrophivainscus brevipollicatin, a poste-
riorly directed ligament inserts on the posterior terminus of each process, these ligaments dre
long and extend parallel to the lateral margins of the sternum, the m: sternoepicoracodeus
nserts on the posterior ends of these higaments. In Brachveeplialus epluppuun two short, wide
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Fig. 2.~ 5 f 2 { the phac i {develop-

mental stage m parenthests) of the followmng species (A} Colasicthies subpinc tatus (46), (BY Gus-
trophrine carolmensss (43, (C) Rassuid sencgadensts (44), (D) Rana blenrt (44), (1) Riwcophorys
moltrechit {44) d, dorsal sternal blade. 1, sternal isthnws, p, postenor process of the epicoracoids, v
ventral sternal blade

ships of the m sternoepicoracotdens msert on the posterior termim of the postenior processes
of the epicoracotds; no hgament medustes the nsertion of the m sicrnocpucoracotdens on the
posterior processes of the epicoracoids.

Asseen n seetional view, i Dendrophn niscis brevipellicarus, Melanophe niscas sielznert
and Orcoplrinella queld, each lateral margin of the 1sthmus of the sternum bears a lateral
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groove formed by dorsal and veniral blades (fig. 4A-C). In Brachycephalus ephippium, the
sternum is absent.

In Dendrophryniscus brevipolhicarus, Melanophryniscus stelzneri and Oreophry nella quel-
chui, the posterior processes of the epicoracoids are housed n the sternal grooves (fig. 4A-C).
In D. brevipollicatus, M. stelzneri and O quelchn, the anterior portion of the posterior
processes of the cpicoracoids has its dorsal, medial and ventral surfaces separated from the
sternum by a gap. In D brevipollicatus and M. stelzners, a thick ligament surrounds and
attaches the lateral surfaces of the posterior processes of the epicoracoids to the dorsal and
ventral sternal blades: posteriorly, the posterior processes of the epicoracoids run parallel to
the lateral margins of the sternum for a short distance: in A4, stelzners, the posterior ends of
the processes are firmly attached to the sternum by ligaments. In O guelchu, the posterior
parts of the posterior processes of the epicoracoids are fused to the sternum.

RANOIDEA FROGS

In phic individuals of Col hus subpunctatus, Gastrophry ne carolinensis,
Kassina senegalensts, Rana blawr and Rhacophorus moltrechir, each epicoracord cartilage
bears a blunt, tapered, ovoid {(in transverse section), divergent cartilaginous process that
extends posteriorly from the coracoids (fig. 2A-E). the nt sternocpicoracoudeus (1 €., epicora-
cotd horn muscle: Grirriins, 1963) does not insert on the posterior terminus of the process.
As seen m sectional view, each lateral margin of the isthmus of the sternum bears a lateral
groove formed by dorsal and ventral blades; the posterior processes of the epicoracoids are
housed 1n the sternal grooves and fused to the sternum.

In aduit indwiduals of Colostethus subpunciatus, Rana blart, and Rhacophorus mol-
trechts, the medial surfaces of the posterior processes of the epicoracoids are separated from
the sternum by a gap (fig. 3A-C). In R blarrt and R molnechn, the posterior tips of the
posterior processes of the epicoracoids are mostly eroded; thus, the posterior parts of the
sternal grooves are emipty or contain few fragments of the processes. In R maltechii, the
sternal 1sthmus 15 thinner (in transverse section) than the posterior processes of the epicora-
coids. In Gustraphryne carolinensts and Kassuna senegalensis, the posterior processes of the
epicoracotds are mdistingusshably fused 1o the sternun, The ventral sternal blade 1s absent in
Colostethus subpuncratus.

Discussion

All the species of frogs examuned extubit two processes of the epicoracowds that extend
posteriorly to the coracords. In all Ranoidea frogs examined, the posterior processes of the
epicoracowds are evident in premetamorphic stages, however, these processes 1n adults can be
partly eroded (e g . Rana blan . Rhacephorus moltiechiny or indistinguishably fused to the
sternum (e g . Gastrophn e carolmensis and Kassina senegalensis) T all non-Ranoidea frogs
examined (1 €, Brackveephalies eplupprim, Dendrophiynisas brevipolheatis, Metanoph nrs-
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Fig 3. Transverse sections of the 2 of adult indvduals of the following species
(A} Colostethus subpunciatus; (B) Rana blawrs, (C) Rhacophorus moltrechti d, dorsal sternal blade, 1,
sternal :sthmus, f, fragment of one of the posterior processes of the epicoracoids. o, empty sternal
groove; p, posterior process of the epicoracoid; x, gap.

cus stelznert, Qreophrynela quelchir), the posterior processes of the epicoracoids are evident in
adults

The posterior processes of the epicoracoids of all the species here studied must be
constdered epicoracoid horns because, like the horns of arciferal frogs (e g.. Ascaphus,
Bufo. GrirpiTHS, 1963), they are posterior extensions of the epicoracoid cartilages and
show the same topographic relation to other body parts (e.g . they are housed 1 sternal
grooves).

Thus study challenges previous reports (McDiarmiD, 1971; Trues, 1973, Tyson, 1987)
that epicoracotd horns are absent 1n Bruchy cephalies, Dendrophryniscus, Melwiophrymiscus
and Oreophrynellu. The presence of epicoracoid horns in these taxa suggests that all non-
Ranoided frogs have epicoracoid horns (however, note that the presence of epicoracoid horns
0 taxa such as Osornophryne, Geobatrachus, Atopophrynus, Didynannpus and Riunophrynis
dorsalrs stll needs to be demonstrated), and therefore, that the character “absence of
epicoracord horns™ 1s not pleisiomorphic at the level of Ranoidea However, the character
“absence of epicoracoid horns™ 1s mvalid as a synapomorphy of Ranoidea because, as this
study suggests, all Ranoidea frogs have epicoracoid horns (note that the monophyly of
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Fig 4 - Transverse sections of the zonosternal articulation of adult individuals of the follow mg specics.
(A) Dendrophrymscus brevipollicatus, (B) Melanophrvmscus stelenert, (C) Oreophrsnelia quelch. {D)
Bracncephalus ephippion d, dorsal sternal blade: 1. sternal isthmus, p, posterior process of the
epicoracoid, v, ventral sternal blade.

Ranowdea ts still supported by the characters “epicoracoid cartilages completely fused” and
*medial end of the coracoids wider than lateral end™: FORD & CANNATELLA, 1993}

I'found considerable morphological vanation i the epicoracoid horns of frogs these can
be fused or free from the sternum, short or long. rounded or thread-like, extending parallel to
the lateral edge of the sternum or not The systematic value of these characters, and the
independence from each other, 1s currently unknown.

RESUMEN

Var10s autores consideran que el caracter “ausencia de cuernos epicoracordales” es und
stapomorfia del grupo (Ranoided) que incluye 4 las famihias Dendrobaudae, Hyperolndae,
Microhylidae, Ranidae y Rhacophoridae Sin embargo, se ha sugerido que esta condicion es
pleistomorfica {esta presente en varios anuros que no son Ranoidea) y que los anuros
Ranoidea tienen cuernos epicoracordales. Las cinturas pectorales de varios anuros Ranodes
y no Ranowdea fueron seccionados histologicamente y se encontro que todos tienen cuernos

Source . MNHN, Paris



KarLan 203

dales. La de cuernos idales en anuros R. dea sugiere que el
caracter “ausencia de cuernos epi "’ 0 €8 una si fia de este grupo.
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APPENDIX 1
SPECIMFNS EXAMINED

Rana blars (UMMZ 224284 5); Colostethus subpunciatis (ICN 15822, 23308, UMMZ 224288),
Gastrophrine catolinensis (UMMZ 108418, 224286-7); Rhacophorus moltrecht; (UMMZ 199779,
201298), Kassina senegatensis (UMMZ 151702, 210193), Oreophry nefla quelchi (UMMZ 85141, Mela-
nophryniscus stelzner1 (UMMZ 166804), Brachyc ephatus ephipprun (UMMZ 103568), Dendrophryniscuis
brevpoliicarus (UMMZ 204307)
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